InTrODuCTIOn
Polycystic ovary syndrome (PCOS) affects the way ovaries work by causing a dysfunction, 1 and it is considered a genetic disease. 2 It is believed that 7%-15% of premenopausal women are affected worldwide (this depends on the diagnostic criteria). 2 Specifically, the prevalence of PCOS according to the Rotterdam criteria is 10% (95% CI 7% to 13%). 3 According to other diagnostic criteria such as the National Institutes of Health (NIH) and the Androgen Excess and PCOS Society, the prevalence is 6% (95% CI 5% to 8%) and 10% (95% CI 7% to 13%), respectively. 3 Genes and the environment are partly responsible for PCOS. Sedentary lifestyle, bad eating habits and obesity can worsen the adverse effects of PCOS. 4 In April 1990, a conference was sponsored by the NIH where it was decided that the syndrome includes (1) hyperandrogenism and/or hyperadrogenaemia, (2) oligo-ovulation and (3) exclusion of known disorders. 5 In May 2003, in a conference in Rotterdam, these changed, where (3) was excluded and replaced. According to the Rotterdam criteria, two of the following need to be present: (1) oligo-ovulation or anovulation, (2) clinical and/or biochemical signs of hyperandrogenism, or (3) polycystic ovaries. 5 So, after May 2003, two more categories appeared: ovulatory women with polycystic ovaries and hyperandrogenism, and oligo-ovulatory women with polycystic ovaries but without hyperandrogenism. 5 It seems, however, that many experts consider the Rotterdam 2003 criteria for diagnosing PCOS as premature or obsolete and that there is an urgent need to update these again. 5 Some of the symptoms of PCOS include menstrual disturbance, obesity, hirsutism, androgenic alopecia, acne and acanthosis nigricans, 6 oligo-ovulation/anovulation and oligomenorrhoea/amenorrhoea which contribute to infertility and increased risk of miscarriages, 7 8 mental health problems, thinning scalp hair, and ovarian cysts. 9 PCOS is associated with obesity, cardiovascular disease (and hypertension), type II diabetes and metabolic syndrome. 10 11 It can be also linked with breast 12 and ovarian cancer. 13 However, not all studies agree. There seems to be contradictory evidence for both ovarian and breast cancer.
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PCOS is a disease commonly found in women. Because of the aforementioned symptoms of PCOS, which have been characterised as 'the thief of womanhood' by Kitzinger and Willmott, 15 and all the possible associations with other diseases, there is an urgent need to treat these symptoms.
Women with PCOS have insulin resistance that is independent of body mass index (BMI). 16 Postbinding defect in receptor signalling that disturbs the metabolic pathways in classic insulin target tissues, constitutive activation of serine kinases in the MAPK-ERK pathway and androgen levels contribute to this insulin resistance. 17 In layman's terms, genetics and lifestyle affect hormonal changes, insulin resistance and androgen increase, and both can affect the ovarian follicles, may cause anovulation and increase oestrogen levels, which then cause menstrual disturbances and subfertility. Also, insulin resistance can cause diabetes and metabolic syndrome, which then increase cardiovascular risk. In addition to these, increase in androgen levels can cause hirsutism and acne. All these then create psychosocial issues related to body image, self-esteem, depression and anxiety. 18 It has been shown that lifestyle-related metabolic diseases, such as being overweight or obese, and insulin resistance cause exacerbation of PCOS 19 20 (insulin resistance through its effect on androgen production 21 ). These two metabolic diseases in PCOS may be influenced by sedentary behaviour and excess calorific intake. 22 The PCOS Australian Alliance published exercise prescription guidelines that included exercising at least 150 min per week, 90 min of which should be an aerobic activity of moderate to high intensity (60%-90% of maximum heart rate) to optimise clinical outcomes. 18 There is no mention of resistance training to manage PCOS. 18 However, there is a physiological rationale to prescribe resistance training to patients with PCOS. Insulin resistance causes exacerbation of PCOS and resistance training has been shown to improve insulin resistance. 21 Resistance training (also called weight or strength training) is the type of exercise that requires the body (muscles) to push against force that is practised against it. It includes bodyweight exercises, plyometrics, use of resistance bands, free weights or machine equipment. 23 Resistance training benefits the musculoskeletal system, 21 and prevents osteoporosis, lower back pain and so on. It also improves insulin resistance, glucose metabolism and resting metabolic rate, and lowers body fat. 24 Furthermore, it can increase insulin sensitivity in type II diabetes. However, resistance training is not currently recommended to patients with PCOS, 21 despite the effect that it can have on the PCOS symptoms. Some authors recommend resistance training 2-3 non-consecutive days per week, at 60% to 70%-85% of one-repetition maximum (1RM), targeting all major muscle groups, and progress according to tolerance. 21 There are numerous studies that have examined the association of diet and exercise as an intervention for the clinical outcomes associated with PCOS. It has been found that such an intervention is crucial to improving body composition and cardiorespiratory fitness in patients with PCOS. 25 It improves the levels of Follicle-stimulating hormone (FSH), sex hormone-binding globulin (SHBG), total testosterone, androstenedione, and the Free Androgen Index (FAI) and Ferriman-Gallwey (FG) score. 25 26 It has been found that exercise as a therapy can improve ovulation, insulin resistance and weight loss, 27 and that women with PCOS are more likely to be using weight management practices than the healthy population. 28 We believe it is more informative to combine resistance training with the appropriate dieting routine/habits to achieve specific goals. A systematic review found that weight loss can improve PCOS symptoms independent of the dietary composition. 29 However, other studies have shown that different macronutrient intakes may lead to different results even when other factors remain unchanged, and that the effects of resistance training can be optimised with the appropriate diet habits. 30 Three different groups-resistance training, diet, and resistance training with diet-were compared, and even though all of them had significant fat mass (FM) reductions only the resistance training group had an increase in lean mass. 31 Also, when resistance-trained athletes restrict calories or have a low body fat, their protein needs increase. 32 However, a study on hypercholesterolaemic obese women found that even though resistance training improved low-density lipoprotein cholesterol (LDL-C) and total cholesterol, a diet lower in protein intake had a greater reduction in LDL-C (all groups had weight reduction). 33 Obese women on a carbohydrate-restricted diet and are resistance-trained had greater weight loss, fat loss and more favourable changes in health markers compared with the ones with a higher carbohydrate diet, 34 and greater reductions in blood glucose were achieved with a high-protein diet in women with higher insulin resistance. 34 Macronutrient intake can possibly influence the circulating levels of insulin in obese women following a regular exercise programme that includes resistance training. 35 A study concluded that ketogenic diet with resistance training can reduce body fat without changing lean body mass significantly; when the ketogenic diet is switched to a regular diet, there is an increase in lean body mass without changing the FM significantly. 36 Thus, we believe that examining the effects of resistance training on the PCOS symptoms needs to be accompanied and regulated with calorific and specific macronutrient dietary habits to understand the mechanisms that can mostly assist in improving those symptoms.
MeThODs
We have searched Medline, Cochrane, Dare and PubMed databases in February 2017 and then again in February 2018 to find relevant articles, and then additional ones from these and from the bibliography that we already Open access had. We used 3 terms for PCOS (PCOS OR polycystic ovary syndrome OR polycystic ovaries syndrome) and 10 terms for resistance training (weight-training OR weight training OR weight-lifting OR weight lifting OR lifting OR resistance training OR resistance-training OR weights OR exercise OR exercise therapy). All studies are discussed. We find possible limitations and how these can be improved.
resulTs
We have included any study that mentioned that participants were women with PCOS and were involved in any sort of resistance training. We have found 10 studies (6 of these studies are actually 2 different ones with different outcomes) that were relevant to what we were looking for, dating from 2008 to 2017. Four of them were in Australia, three in Brazil and one in the USA (pilot study), and five of them are randomised controlled trials. All, but one, use the Rotterdam diagnostic criteria.
DIsCussIOn
Study sizes vary from 12 and 15 (pilot studies) 37 38 to 122, 39 and the study duration goes from 12 weeks 37 38 to open-end, but allowed up to 14 weeks 40 to 4 months. 41 42 The inclusion criteria were quite consistent as most of the studies included at least overweight women with PCOS who were at least 18 years old. The exclusion criteria for all studies were pregnancy (all studies except one that encouraged them to continue 39 ), hormonal contraceptive use and fertility treatments. Three studies excluded participants due to breast feeding, cardiovascular history, liver, kidney or respiratory disease, diabetes, uncontrolled hypertension, malignancy, reproductive disorders unrelated to PCOS, thyroid abnormalities, and non-classical adrenal hyperplasia. [43] [44] [45] Four studies excluded participants who were playing sports or were exercising prior to the study. 41 43-45 All studies had dropouts, the most common reason being pregnancy (except one, ref 39 ). Other reasons included loss of contact, work commitments, illness/ injury, moving, time restraints and unable to comply with the requirements of the study. There is only one study that did not mention any reasons for dropout. 40 The main patient characteristics in all studies included age, BMI and weight. Some studies included body FM, abdominal FM or body fat percentage, 42 45 and others included waist circumference or waist to hip ratio. 39 41 Contrary to our expectation, not all studies have described in detail what their intervention included. 39 They define 'lifestyle intervention' as a calorie-controlled diet from healthy food options and at least 150 min of exercise (90 min aerobic) per week. Two trained coaches (nutritionist and exercise physiologist) introduced diet and exercise (aerobic and progressive resistance). This description is missing important information on participants' training and diet, and we cannot draw any conclusions about it.
Other studies used three groups. One was diet and aerobic (DA), the other was diet and aerobic resistance (DC), and the last was diet only (DO). [43] [44] [45] The exercises were supervised, and the participants completed a weekly exercise diary and a daily food quantity checklist. The aerobic exercise consisted of walking/jogging five times a week: 25-30 min at 60%-65% maximum heart rate during the first week to 45 min 75%-80% maximum heart rate by the end of the study. The resistance training consisted of five resistance exercises (twice a week on non-consecutive days): bench press, lat pulldown, leg press, knee extension and sit-ups. The training load for the first 2 weeks was 50%-60% of 1RM and increased to 65%-75% of 1RM the following weeks. Load was increased if the participants could perform 3 sets of 12 repetitions with that load. In terms of diet, participants had energy-restricted, high-protein diet for a planned weight loss of 8-12 kg over the study period, and the macronutrients comprise 30% protein, 40% carbohydrates and 30% fat (<8% saturated). These are among the most informative studies that we have found. However, we feel that they could have added whether fibre was part of those carbohydrates or how much fibre the participants were eating and what kind of carbohydrates they were eating (high glycaemic or low). We would like to see the reason behind the choice of this macronutrient breakdown. We also feel that more priority was given to aerobic exercise and that resistance training of two times a week was probably not enough, and this could be the reason why there are no differences between the two exercise groups, with only one exception. 38 When it comes to sit-ups, even though it is an important addition to any strength training regimen, we believe that when it comes to this kind of study, a more compound one should have been chosen, such as squats. One could argue though that the weight of the participants could be a barrier to doing this kind of exercises or that it is a difficult exercise for beginners. Jogging is probably not suitable for these participants either due to their weight. We believe that supervision of exercises is crucial to participants' safety and the results of the study, and supervising them was the right decision. There is also a lack of sample size and power calculation, probably due to the fact that these were the first studies on this topic.
Another study, however, did not take it as far. 37 They used motivational interview (MI) with six different themes of change talk (desire, ability, reasons, need, commitment and taking steps). At individualised counselling sessions, patients were advised on food preparations, shopping tips, menu preparation, eating food with lower glycaemic index, healthy eating, calorific deficit, food categories, portions, serving sizes and minimising saturated fat. They were also advised to engage to low-impact physical activity 3-5 days/week for 30-60 min at least and resistance training 2-3 times a week engaging all major muscle groups, and walking longer distances, taking the stairs and so on. Besides the information and MI given to the participants, this study did not consist of any more action to ensure that participants followed their guidance.
Open access
There was no diet or exercise supervision. Thus, there is no evidence that the participants actually did what they were asked to do.
There are only three studies comparing women with PCOS with healthy women. 41 42 46 The participants first joined a protocol to learn the exercises. The study included four microcycles of 4 weeks each: 3 sets of 15 repetitions, 3 sets of 12 repetitions, 3 sets of 10 repetitions and 3 sets of 8 while doing pyramids with the load within each microcycle. They were increasing the load though on the next microcycle. They spent 1 hour per day, three times a week on progressive resistance training. Exercise intensity was increased in each microcycle and the number of repetitions was decreased, with the minimum being 8 (volume decreasing). The exercises were bench press, leg extension, front lat pulldown, leg curl, lateral raise, leg press with a 45° incline, arm curl and abdominal exercise (they also did stretching). All exercises were supervised and they provided a light meal afterwards and a pair of running shoes, and funded the transportation. A major limitation to this study is that it did not mention diet at all. Any sort of training either aerobic or resistance training cannot alone affect someone's body. Diet needs to be in control also. If there was no guidance or supervision or report on their diet, then we believe we are missing some important information. For instance, the participants may think they would be on sufficient calorific deficit/surplus when in fact this would be the opposite or more/less than the amount they estimate.
We believe that these kinds of studies needed to account and monitor for specific calorific intake (and macronutrient). The ones that did not account or monitor this have probably not included some very important information. Additional details, including more limitations and the results of each study, can be found in the online supplementary appendix. From all the studies on this subject, only three of them provided dietary information. [43] [44] [45] The studies concluded that all three groups had a significant bodyweight reduction. The group that included diet and aerobic (DA) and the group that included diet, aerobic and resistance training (DC) had greater reduction in FM and less reduction in fat-free mass compared with the group that was not training at all (DO). The DC group had improved their muscle strength. All groups had significant reductions in blood pressure, fasting glucose and insulin and insulin resistance, testosterone, and FAI, increase in SHBG, and improvements in their ovulations and/or menstrual cycle.
COnClusIOns
Contrary to our expectation, most of the studies that we found did not provide information on (or did not monitor) participants' diet. There is a need for further studies in order to understand whether resistance training can improve the PCOS symptoms. The list is not extensive, but we need to comprehend how different macronutrients with resistance training can assist symptom improvement, for example, which of high-protein, high-fat or high-carb diet is more beneficial, or whether a more balanced diet is better. We need to determine whether high glycaemic or low glycaemic carbohydrate consumption with resistance training would be a better choice for these patients. We need to consider a calorific surplus instead of a deficit for patients undergoing resistance training, whether they gain more muscle than regular women and achieve better fat loss results in the long term. In addition to this, there are studies that include aerobic or aerobic and resistance training. No study, however, used resistance training alone to examine the outcome (except one, but did not consider nutrition 41 ), and no study used compound exercises only such as squats and deadlifts. Finally, all these (exercise and nutrition) need to be under close supervision. All these and many more questions are still unanswered. There is plenty to learn and more studies to be conducted to answer these questions.
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